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Abstract 
This research provided CFD tests to verify and understand the reagents fluid dynamic behavior in the 
channels of the new parallel-baffle flow field plate during a direct ethanol proton exchange membrane 
fuel cell (DE-PEMFC) operation. The results showed that. The results showed that the fractal plate 
showed a similar behavior normal plate and a repetition through fractals, the fluid dynamic behavior. 
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1. Introduction 
Conventional fuels are main source of environmental pollution and will not last infinitely. It is clear that 
transition from these fuels to clean and non-exhaustible ones is unavoidable [1]. Fuel cells are expected to play a 
major role in the economy of this century. In order to reduce the impact of our energy consumption on the 
environment, fuel cells represent an attractive solution, for instance addressing the issue of intermittent behavior of 
renewable sources [2]. Improvements in cell design and manufacturing have further increased power, while reducing 
manufacturing costs, which is essential if the fuel cell is to compete with the internal combustion engine [3].  
 
The channels design and its pattern considerably affect the effectiveness of mass transport as well as 
electrochemical reactions inside the cell.  
 
Computational fluid dynamics (CFD) modeling is the most common approach to creating simulations of ethanol 
alcohol within a direct ethanol proton exchange membrane fuel cell (DE-PEMFC) [4]. The pressure loss in the DE-
PEMFC flow field plates decrease the power density and the fuel cell performance. Within parallel flow channels 
the reactant gas speed is low relative to serpentine flow fields which may lead to local flooding, particularly under 
the lands, where the pressure gradient is a minimum [5].  
 
The basic idea of interdigitated flow fields is to force the total mass flow through the land area to improve the 
local cell performance [6]. However, here the excessive pressure drop from the gas inlet to the gas outlet of the flow 
field requires additional parasitic power [7].  
 
The aim of this research was project a new flow field design, with PFFP and IFFP characteristics, a parallel-
baffle flow field plate (PBFFP).  
 
The result showed that in the PFFP all channels suffered with pressure loss but in the PBFFP, the interdigitated 
channels pressure loss stabilized and it was concentrated only in the channel connected to the outlet (lower 
pressure), improving the fuel cell performance. 
 
Following the basic structure of the plate, stege this research was created new connections between each PBFFP 
channel by fractals. The result showed that in both flow field plates the pressure loss behavior was the same, 
concentrated in the channel connected to the outlet (lower pressure) and the FPBFFP fractals with a similar pressure 
loss behavior. Meanwhile there was a decrease in the FPBFFP pressure loss because of the fractals. The pressure 
loss in the PBFFP was 73.52 Pa and the pressure loss in the FPBFFP was 73.45 Pa. 
 
As a result we can conclude that the presence of fractals in a PBFFP decrease the pressure loss in a PEMFC, 
decreasing the diffusion overpotential and improving the fuel cell power density. 
2. Objective 
The objective of this research was to design and characterized the related pressure loss behavior with a new 
design DE-PEMFC flow field, with parallel flow field plates (PFFP) and a parallel-baffle flow field plate (PBFFP). 
And then the behavior analysis of these plate with the use of fractals. 
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Fig. 1. (a) the parallel-baffle flow field plate (PBFFP) and (b) the parallel flow field plates (PFFP). 
3. Materials and Methods 
Initially to characterize the behavior of internal flow pressure drop architecture of the flow channels to mix 
continuous channels and discontinuous on the same plate were also designed using SolidWorks program two 
reagents distribution plates, one PFFP and PBFFP, both dimensions 60x60x10 mm. The channels with a cross 
section of 2x2 mm have occupied a main area of 40x40 mm on one of the faces of the panel.  
 
To carry out the fluid dynamic simulations both plaques were characterized with the same physical properties of 
graphite featuring the plates produced for the practical tests. Initially each plate was capped with a solid body of the 
same material and thickness of 1mm, allowing an internal fluid flow in the channels. A standard condition was 
assumed for the simulations with an initial temperature of the plates controlled at 100°C. 
 
In PBFFP at the end of the channel located on the left side face was simulated hydrogen inlet with a flow rate of 
1L/min and controlled initial temperature at 20°C. At the end of the channel located on the right lateral, the 
hydrogen outlet end, it adopted the standard atmospheric pressure. 
 
In PFFP at the end of the channel located on the right side face was simulated input also hydrogen with a flow 
rate of 1L/min and controlled initial temperature at 20°C. At the end of the channel located on the left side face, the 
outlet end of hydrogen was adopted standard atmospheric pressure. 
 
Were created distribution plates with parallel flow field plate in fractal (PFFPF) and reagent distribution plate 
with parallel-baffle flow field plate in fractal (PBFFP). Both cards repeating the context of previous in fractal 
structures, repeating a self similarity independent of the number of fractal scales adapted.    
4. Results and discussion 
The result showed that in the PFFP all channels suffered with pressure loss, as showed in the Figure 2. 
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Fig. 2. Pressure loss behavior in the PFFP channels. 
In the PBFFP, the interdigitated channels pressure loss was stabilized and all pressure loss was concentrated in 
the unique connecting pathway between the inlet and the outlet, as shown in the Figure 3. 
 
 
Fig. 3. Pressure loss behavior in the new PBFFP channels. 
 
Analyzing the highest and lowest pressure values, PFFP was obtained in a maximum pressure value 101347.59 
Pa and minimum 101324.93 Pa, featuring a pressure drop of 22.66 Pa (∆p = -22,66 Pa). Within this same plate the 
maximum speed value was 10,739 m / s. In PDRCPD, despite the relatively stable pressure across multiple 
channels, in the way where the pressure drop concentrated pressure maximum value was 101,398.45 Pa and 
minimum 101,324.93  Pa, leading to a pressure drop 73.52 Pa (∆p = -73.52 Pa). The illustrations show that PBFFP 
that was reached levels of relative stability in the larger proportion of the plate, however, the maximum and 
minimum values showed a single path which was isolated pressure drop, with the most extreme value. This higher 
pressure drop section has reached the highest value of speed between the two tests, 11,165 m / s. 
 
After these tests were created designs of parallel flow field plates in fractal (PFFPF) and parallel-baffle flow field 
plate in fractal (PBFFPF). Both cards repeating the context of in previous fractal structures, repeating a self-
similarity regardless of the number of fractal scales adopted. 
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The tests showed a pattern of behavior. According to Figure 4 and 5, the results showed a similar fluid dynamic 
behavior inside the channels connected to the mother and PFFPF PFFP structure. In both simulations the hydrogen 
pressure drop increased with the reagent approaching the outlet end of the plate channels. 
 
 
Fig. 4. Fluid dynamics simulation related to the hydrogen pressure during a flow behavior within the flow channels of (a) PFFP and (b) PFFPF. 
 
 
Fig. 5. Detailed fluid dynamics simulation related to the behavior of the pressure for a flow within the flow channels of a PFFPF. 
 
Both the PFFP as in the PFFPF, the results showed a minimum pressure value 101324.93 Pa and at most 
101347.59 Pa. As a result, both flow channels generated exactly the same pressure drop (∆p = - 22.66 Pa). 
 
As in previous tests, comparison between the pressure variation PFFP and PFFPF in tests with PBFFP and 
PBFFPF, there was no pressure of changing behavior of the fluid due to the application of fractals to the structure. 
 
According to Figure 6, both plates the pressure variation in the behavior was similar to all other structures with 
discrete channels already tested with variation of concentrated pressure at the shortest connection path between the 
input and the card output. 
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Fig. 6. Fluid dynamics simulation related to the pressure behavior during a flow within the flow channels of (a) PBFFP and (b) PBFFPF. 
 
The figure 7 also shows the fractal present with a similar pressure change behavior among the fractal structure 
and the mother board. 
 
The maximum value in PBFFP pressure was 101398.45 Pa and minimum 101,324.93 Pa, thereby generating a 
pressure drop of 73.52 Pa (∆p = -73.52 Pa) between the input and the output of channel. The maximum pressure 
value in PBFFPF was 101,398.38 Pa and minimum 101,324.93 Pa, thereby generating a pressure change of 73.45 Pa 
(∆p = -73.45 Pa) between the inlet and the channel exit. These results showed that the addition of the fractal 
structure, following the same parent structure of the positioning pattern does not cause significant changes in flow 
pressure drop rates. 
 
Fig. 7. Detailed fluid dynamics simulation related to the behavior of the pressure for a flow within the flow channels of a PBFFPF. 
5. Conclusions 
In the first part, the results showed that in the PFFP all channels suffered with pressure loss but in the PBFFP, the 
interdigitated channels pressure loss was stabilized and it was concentrated only in the pathway connecting inlet and 
outlet. A flow field plate able to concenter all pressure loss in a unique pathway could be used in a DE-PEMFC 
cathode side, keeping the homogeneous pressure and improving the water expelling, improving the overall DE-
PEMFC performance. The second part of the study revealed that increasing the fractal the structure followed the 
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same pattern of positioning of the parent structure will not cause significant changes in pressure drop flow rates, 
however the pressure drop in fractals the main structure is similar. 
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